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DESCRIPTION 

ELECTRODE, BATTERY, AND METHOD OF MANUFACTURING THE SAME 

5 TECHNICAL FIELD 

The present invention relates to an electrode and a battery using the 
electrode. Particularly, the electrode of the present invention is preferably used 
for a secondary battery for a motor driving power supply of an electric vehicle 
and the like. 

10 

BACKGROUND ART 

Recently, introduction of an electric vehicle (EV), a hybrid electric 
vehicle (HEV), and a fuel-cell vehicle (FCV) is strongly demanded due to 
growing environmental movement, and motor driving batteries of these vehicles 

15 are developed. A repeatedly rechargeable secondary battery is used as the motor 
driving batteries of these vehicles. Since EV, HEV, and FCV require high output 
and high energy density, it is practically impossible that a single large battery 
copes with the high output and the high energy density. Therefore, an assembled 
battery including a plurality of batteries connected in series is usually used. A 

20 thin laminated battery is proposed as a unit battery constituting the assembled 
battery (see Japanese Patent Application Laid-Open No. 2003-151526). 

A battery in which a power generating element, in which a bipolar 
electrode including a collector, a positive electrode, and a negative electrode is 
laminated with a polymer electrolyte, is used, and the power generating element is 

25 sealed by a packaging material can be cited as an example of the thin laminated 
battery. A laminated sheet can be used as the packaging material. A laminated 
sheet is formed of a metal thin film, a resin film, and a heat fusing resin film. 
The metal thin film includes aluminum foil or the like and prevents permeation of 
moisture and gas such as oxygen between the outside and inside of the packaging 

30 material. The resin film is made of polyethylene terephthalate or the like and 
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physically protects the metal thin film. The heat fusing resin film is made of 
ionomer or the like and is used to seal the battery. The polymer electrolyte 
described in Japanese Patent Application Laid-Open No. 2002-110239 can be used 
as the polymer electrolyte. 
5 Generally, the positive electrode or the negative electrode is produced by 

applying a coating fluid containing a positive electrode active material or a 
negative electrode active material onto the collector. In this case, various kinds 
of coaters such as a roller coater are used. However, quality of the battery is 
decreased by unevehness of coating generated during the application with the 

10 coater. Specifically, there is a problem that heat dissipation characteristics of the 
battery become uneven and the battery is partially degraded. In the battery 
having a partially uneven thickness, there is also a problem that the battery is 
easily resonated by vibration applied to the battery and a crack or rupture of a 
base material is easily generated. Particularly, in the battery applied to a vehicle, 

15 it is necessary that the battery characteristics are maintained over a long term of 
more than ten years. 

For example, means for controlling viscosity of the coating fluid is 
proposed as the means for reducing the unevenness of the coating of the electrode 
(see Japanese Patent Application Laid-Open No. 2002-164043). 

20 

DISCLOSURE OF THE INVENTION 

However, when the fluid containing the electrode constituent material is 
applied by using the conventional coater, it is difficult to uniform the coating film 
more than a certain level. For example, when intermittent coating is performed, 

25 a partially built-up portion of the electrode constituent material is generated and 
the film thickness tends to be partially increased. 

When the battery is applied with requirement of high output, such as to a 
vehicle, it is necessary to reduce the thickness of the electrode to connect the 
many batteries in series. However, it is difficult that the extremely thin electrode 

30 is produced by the conventional coater. 
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The present invention has been accomplished in order to solve the above 
problem. It is an object of the present invention to provide a thin electrode with 
high uniformity in layer thickness. 

The first aspect of the present invention provides an electrode 
5 comprising: a collector; and an electrode layer which is disposed on the collector 
and contains an active material, wherein an average thickness of the collector and 
the electrode layer ranges from 5 to 300 jam, and a maximum thickness of the 
collector and the electrode layer is not more than 105% of a minimum thickness 
. of the collector and the electrode layer. 

10 The second aspect of the present invention provides a battery comprising: 

an electrode including a collector and an electrode layer which is disposed on the 
collector and contains an active material, wherein an average thickness of the 
collector and the electrode layer ranges from 5 to 300 |im, and a maximum 
thickness of the collector and the electrode layer is not more than 105% of a 

15 minimum thickness of the collector and the electrode layer. 

The third aspect of the present invention provides a method of 
manufacturing an electrode comprising: forming an electrode layer by adopting an 
inkjet method in which a liquid containing an active material is ejected in the 
form of many particles to adhere the particles to a base material. 

20 The fourth aspect of the present invention provides a method of 

manufacturing a battery, comprising: forming a negative electrode layer by 
adopting an inkjet method in which a liquid containing a negative electrode active 
material is ejected in the form of many particles; and forming a positive electrode 
layer by adopting the inkjet method in which the liquid containing a positive 

25 electrode active material is ejected in the form of many particles. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 A is a top plan view showing an embodiment of an electrode of the 
present invention; 

30 FIG. IB is a side view showing the embodiment of the electrode of the 
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present invention; 

FIG. 1C is a side view showing another embodiment of the electrode of 
the present invention; 

FIG. 2A is an enlarged view for explaining a microstructure of the 
5 electrode of the present invention; 

FIG. 2B is a view showing a mass-spring model of an electrode layer 
constituting the electrode of the present invention; 

FIG. 3A is a perspective view showing an embodiment of a battery of the 
present invention; 

10 FIG. 3B is a cross-sectional view taken along line IIIB-IIIB of FIG. 3 A; 

FIG. 4 is a graph showing thickness distribution of a lithium secondary 
battery having a positive electrode and a negative electrode of the present 
invention and the lithium secondary battery having the positive electrode and the 
negative electrode which are manufactured by the conventional coater; 
15 FIG. 5 A is a plan view of an assembled battery in which the batteries of 

the present invention are provided; 

FIG. 5B is a front view of the assembled battery in which the batteries of 
the present invention are provided; 

FIG 5C is a side view of the assembled battery in which the batteries of 
20 the present invention are provided; 

FIG 6A is a plan view of multiple assembled batteries in which the 
assembled batteries of the present invention are provided; 

FIG. 6B is a front view of the multiple assembled batteries in which the 
assembled batteries of the present invention are provided; 
25 FIG. 6C is a side view of the multiple assembled batteries in which the 

assembled batteries of the present invention are provided; 

FIG. 7 is a schematic side view of a vehicle mounting the assembled 
battery or the multiple assembled batteries of the present invention; and 

FIG 8 is a view showing vibration transmission spectrums of Examples 
30 and Comparative Examples. 
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BEST MODE FOR CARRYING OUT THE PRESENT INVENTION 

Hereinafter, description will be made of embodiments of the present 
invention with reference to the drawings. 

The electrode of the present invention includes the collector and the 
electrode layer which is formed to be laminated on the collector and contains the 
active material. The electrode of the present invention is one, in which an 
average thickness of the collector and the electrode layer ranges from 5 to 300 \im 
and a maximum thickness of the collector and the electrode layer is not more than 
105% of a minimum thickness of the collector and the electrode layer. 

FIG. 1A shows an embodiment of the electrode of the present invention. 
FIG. 1A shows an electrode 100 in which an electrode layer 102 formed by 
adopting an inkjet method is laminated on a collector 104. FIG. 1A is 
exaggerated for the purpose of comprehension of the present invention. Namely, 
in order to show that the electrode layer 102 is formed by adhesion of particles 
ejected by the inkjet method, the electrode layer 102 is shown as to include many 
particles. However, the electrode layer 102 is confirmed as one layer when 
viewed by the naked eye. 

The electrode 100 is sealed in a packaging material, and a positive 
electrode tab and a negative electrode tab are drawn outside the packaging 
material. Since the tab is connected to the collector 104 when the electrode layer 
102 is laminated on the collector 104, it is also possible to provide a portion 106 
(uncoated portion) where the electrode layer 102 is not laminated on the collector 
104. Although the uncoated portion can also exist for purposes except the 
connection of the tab, a decrease in energy density of the battery is brought about 
when the uncoated portion is increased. Therefore, it is preferable that the 
uncoated portion is not provided as much as possible except the portion to which 
the tab is connected. However, it is not always necessary to prohibit the 
uncoated portion generated unavoidably from generating in manufacturing. 

The coater such as a roller coater has been used in order to form the 
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electrode layer. However, it is impossible that the electrode layer, which has the 
thickness less than a certain level and the uniformity, is formed by use of the 
known coater. Namely, when the coating film formed by the coater does not 
have a certain thickness in forming the electrode layer by the coater, the portion 

5 where the film is not formed is generated. Further, when the electrode layer is 
formed by the coater, the film thickness tends to increase in an end portion of the 
coating film. Namely, the thickness of the coating film tends to increase in an 
interface between the region where the coating film is formed and the region 
where the coating film is not formed. 

10 The present invention achieves requirements of the decrease in thickness 

and the uniformalization of the electrode layer, which have not been 
conventionally achieved, by adopting the inkjet method. The inkjet method is a 
printing method in which liquid ink is ejected from a nozzle to adhere to a subject. 
The inkjet method is classified into a piezoelectric method, a thermal inkjet 

15 method, and a bubble jet method (trademark) according to the method of ejecting 
the ink. 

The piezoelectric method is one in which the ink is ejected from the 
nozzle in such a manner that electric current flows through a piezoelectric element 
arranged on a bottom of an ink chamber storing the ink, the element deforming by 

20 the flow of the current. The thermal inkjet method is one in which the ink is 
heated with a heater and the ink is ejected by energy of a phreatic explosion in 
vaporizing the ink. Similarly to the thermal inkjet method, the bubble jet 
method is one in which the ink is ejected by the energy of the phreatic explosion 
in vaporizing the ink. Although the thermal inkjet method differs from the 

25 bubble jet method in the heated region, those methods have the same basic 
principle. 

The ink for forming the electrode layer is prepared in order to form the 
electrode layer by adopting the inkjet method. When a positive electrode layer is 
manufactured, positive electrode ink containing a constituent of the positive 
30 electrode layer is prepared. When a negative electrode layer is manufactured, 
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negative electrode ink containing a constituent of the negative electrode layer is 
prepared. For example, the positive electrode ink contains at least the positive 
electrode active material. In addition to the positive electrode active material, it 
is possible that the positive electrode ink contains a conductive material, a lithium 
salt, a solvent, and the like. In order to improve ionic conductivity of the 
positive electrode, it is also possible that the positive electrode ink contains a 
polymer electrolyte raw material which becomes the polymer electrolyte by 
polymerization and a polymerization initiator. 

A base material forming the electrode layer is then prepared. A member 
situated next to the electrode layer in the battery, e.g. the collector or the polymer 
electrolyte membrane is used as the base material. Generally, the thickness of 
the collector ranges from 5 to 20 Jim. However, the collector having the 
thickness out of the above range may be also used. 

The method of forming the electrode layer by adopting the inkjet method 
will be described. The base material is supplied to the inkjet apparatus which 
can apply the electrode ink. The electrode ink is ejected by the inkjet method to 
adhere to the base material. The amount of ink ejected from the nozzle of the 
inkjet apparatus is extremely small, and the inkjet apparatus can eject droplets of 
the ink having a substantially equal volume. Accordingly, the electrode layer 
formed by the adhesion of the electrode ink is very thin and uniform. Further, 
the adoption of the inkjet method can precisely control the thickness and shape of 
the electrode layer. When the electrode layer is formed by the conventional 
coater, it is difficult to form the electrode layer having a complicated shape. On 
the other hand, the adoption of the inkjet method can form the electrode layer 
having a desired shape only by designing a predetermined pattern on a computer 
to print the predetermined pattern. With reference to the thickness, when the 
electrode layer comes short of the thickness by one-time coating, the printing can 
be repeated twice or more. Namely, the coating of the same ink is overlapped on 
the same base material. This allows the electrode layer having the desired 
thickness to be formed. 



WO 2004/114440 



PCT/JP2004/007864 



8 

The thickness of the electrode layer is not particularly limited. 
Generally, the thickness of the positive electrode layer ranges from about 1 to 100 
\xm and the thickness of the negative electrode layer ranges from about 1 to 140 
jim. 

Although the electrode of the present invention can be formed by the 
inkjet method, the kind of the inkjet method is not particularly limited. As 
described in Examples, the necessary improvements may be performed according 
to the ink used. 

Main effects brought by the electrode of the present invention will be 
described below. 

In the electrode of the present invention, the thickness of the collector 
and electrode layer is very uniform. Therefore, exothermic heat from the 
collector and electrode layer becomes uniform and local degradation is 
suppressed. 

The battery having the electrode of the present invention has durability 
against the vibration. Since the durability against the vibration is high, the 
battery having the electrode of the present invention can be applied to the use in 
which the vibration is applied, e.g. a vehicle. It is assumed that the durability 
against the vibration is attributed to the uniformity of the layer and the 
microstructure of the electrode layer produced by the inkjet method. When the 
uniformity of the layer is high, resonance caused by a distribution of the thickness 
can be decreased. As shown in FIG. 2A, the electrode layer produced by the 
inkjet method includes many dots 202 formed by the electrode ink which has 
adhered onto the collector 104. The dot 202 has the structure in which the dot 
202 is connected to the adjacent dot 202 in the interface therebetween by surface 
tension. The dot 202 acts as a mass and a portion 204 connected by the surface 
tension acts as a spring, and the microstructure has the action shown in FIG. 2B as 
a mass-spring model. It is assumed that the durability against the vibration is 
brought by the action like the mass-spring model. However, a technical scope of 
the present invention should be determined based on claims. Even if the 
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mechanism increasing the durability against the vibration is different, the 
mechanism is not beyond the scope of the present invention. 

Further, when the electrode is thin, the energy density of the battery using 
the electrode is improved. If the battery is applied to the use, such as a power 
supply for a vehicle, in which high output is required, the assembled battery in 
which the many batteries are connected is used. When the battery is large, the 
assembled battery also becomes large. Since the electrode of the present 
invention is very thin, it largely contributes to miniaturization of the assembled 
battery. With reference to the vehicle, the volume of the vehicle is restricted, 
and weight saving of the assembled battery affects the improvement of fuel 
consumption of the vehicle. Therefore, the miniaturization of the assembled 
battery is particularly beneficial to the case in which the assembled battery is used 
for a power supply for a vehicle. 

The thickness and flatness of the electrode of the present invention will 
be described next. In the electrode of the present invention, the average 
thickness of the collector and the electrode layer ranges from 5 to 300 \xm. A 
flat electrode having the above average thickness can be produced by forming the 
electrode layer by adopting the inkjet method. When the average thickness of 
the collector and the electrode layer is less than 5 pm, a sufficient charge amount 
cannot be secured because the amount of active material of the electrode layer is 
restricted. When the average thickness of the collector and the electrode layer 
exceeds 300 jxm, the flatness described later is deteriorated and the advantage of 
the present invention cannot be obtained. In this case, as shown in FIGS. IB and 
1C, "the thickness of the collector and the electrode layer" means the total h of 
the thickness of the collector 104 and the thickness of the electrode layer 102. 
When the electrode layers 102 are formed on both surfaces of the collector 104, 
the total thickness in which the thickness of one collector 104 and the two 
electrode layers 102 are added corresponds to the thickness h of the collector and 
the electrode layer. In the electrode in which the electrode layer is formed on 
one surface of the collector, i.e. in the electrode shown in FIG. IB, the average 
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thickness of the collector and the electrode layer preferably ranges from 6 to 120 
jim. In the electrode in which the electrode layers are formed on both surfaces 
of the collector, i.e. in the electrode shown in FIG. 1C, the average thickness of 
the collector and the electrode layer preferably ranges from 7 to 300 fim. 

Although an area of the collector and the electrode layer is not 
particularly limited, generally, as the area of the collector and the electrode layer 
is increased, the uniformity of the collector and the electrode layer becomes more 
difficult to maintain. From this viewpoint, the present invention is particularly 
beneficial when the area of the collector and the electrode layer is not more than 
50 cm 2 . 

While the electrode of the present invention has the above average 
thickness, the electrode of the present invention is very flat, and the maximum 
thickness of the collector and the electrode layer is not more than 105% of the 
minimum thickness of the collector and the electrode layer. Since the electrode 
of the present invention has the flatness described above, unevenness of the 
exothermic heat is hardly generated and battery life is lengthened. Further, a 
crack and rupture which are created by the resonance caused by the distribution of 
the thickness are also prevented. 

The thicknesses of the electrode and the battery are measured by the 
following procedure in the present application. 

The thicknesses of the electrode and the battery can be measured with a 
micrometer. The kind of the micrometer is not particularly limited, as long as 
the micrometer obtains measuring data having reliability of a certain level. 

In measuring the average thickness of the collector and the electrode 
layer, the measured domain is divided into nine domains of 3x3. The 
thicknesses of arbitrary three points are measured in each domain, and the average 
of the three points is set to the thickness of the domain. The measurement of the 
thickness is performed in all the domains to calculate the average of all the 
domains. This operation is repeated ten times or more, and the average of the 
operations is set to the average thickness of the collector and the electrode layer. 
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In the present application, the number of repetitions of the operation is set to "the 
repetition number N." 

The maximum thickness of the collector and the electrode layer and the 
minimum thickness of the collector and the electrode layer are measured as the 

5 domain where the thickness of the domain is the maximum and the domain where 
the thickness of the domain is the minimum respectively. 

In the average thickness of the collector and the electrode layer located 
within 10 mm from the uncoated portion where the electrode layer is not 
laminated on the collector, the domain near the uncoated portion is divided into 

10 three portions so that distances from the uncoated portion are equalized. In the 
embodiment shown in FIG. 1, the electrode layer domain located within 10 mm 
from the interface between the electrode layer 102 and the uncoated portion 106 is 
divided into three domains so that one side of each of the three domains becomes 
the interface. The thicknesses of arbitrary three points are measured in each 

15 domain, and the average of the three points is set to the thickness of the domain. 
The measurement of the thickness is performed in all the domains to calculate the 
average of all the domains. This operation is repeated ten times or more, and the 
average of the operations is set to the average thickness of the collector and the 
electrode layer within 10 mm from the uncoated portion. 

20 The electrode layer is. cut when the electrode is adjusted in the 

predetermined size after the formation of the electrode layer, and the thickness 
near the cut portion tends to become thin. Therefore, it is also possible to 
measure the thickness near the cut portion as an indicator of the uniformity of the 
electrode. In this case, the average thickness of the collector and the electrode 

25 layer within 10 mm from the cut portion is measured in a manner similar to the 
average thickness of the collector and the electrode layer within 10 mm from the 
uncoated portion. 

It is preferable that the average thickness of the collector and the 
electrode layer within 10 mm from the region where the electrode layer is not 
30 laminated on the collector is not more than 104% of the average thickness of the 
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collector and the electrode layer in other regions. The region where the 
electrode layer is not laminated on the collector means the domain where the 
electrode layer is not formed like the uncoated portion 106 in FIG. 1. In the 
electrode layer formed on the collector, the region near the uncoated portion tends 
5 to be thickened. The tab tends to be formed in the uncoated portion where the 
electrode layer is not laminated on the collector. However, when the region near 
the uncoated portion is thick, the resonance is generated by the vibration applied 
to the battery to increase a possibility that the tab and the collector are broken. 

It is preferable that a ratio (a/A) of a standard deviation (a) of the 
10 thickness of the electrode layer to an average thickness (A) of the electrode layer 
is not more than 3%. The relationship between the distribution of the thickness 
and the unevenness of the exothermic heat is already described, and specifically, 
the unevenness of the exothermic heat is difficult to generate when the electrode 
has the flatness of the degree satisfying the above value. The resonance caused 
15 by the distribution of the thickness is also difficult to generate when the electrode 
has the flatness of the degree satisfying the above value. The battery life is 
therefore lengthened. 

The high flatness is particularly beneficial when the battery is applied to 
a vehicle. When the battery is used for the power supply for a vehicle, many 
20 batteries are laminated in order to secure the high output. When many batteries 
are laminated, even a small difference in the thickness is largely reflected in the 
thickness of the whole of assembled battery. In some cases, the battery cannot 
be fixed. The present invention solves such problem. 

The electrode of the present invention can be applied to both the positive 
25 electrode and the negative electrode. As described above, it is preferable that 
the electrode layer is formed by the inkjet method in which the liquid containing 
the active material is ejected in the form of many particles to adhere to the 
predetermined base material. The predetermined base material depends on the 
manufacturing process. When the electrode layer is formed on the collector, the 
30 base material is the collector. When the polymer electrolyte is used as the 
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electrolyte, it is also possible that the collector is arranged after the electrode 
layer is formed on the polymer electrolyte. 

The material constituting the electrode, such as the conductive material 
and the active material, is not particularly limited in the present application. 
When the electrode of the present invention is the electrode for the lithium battery, 
Li-Mn based composite oxide such as LiMn 2 0 4 and Li-Ni based composite oxide 
such as LiNiC>2 can be cited as the positive electrode active material. In some 
cases, two or more kinds of the positive electrode active material may be used at 
the same time. A crystalline carbon material and a noncrystalline carbon 
material can be cited as the negative electrode active material. Specifically, 
natural graphite, synthetic graphite, carbon black, activated carbon, carbon fiber, 
coke, soft carbon, hard carbon, and the like can be cited. In some cases, two or 
more kinds of the negative electrode active material may be used at the same time. 

The configuration of the electrode layer is not particularly limited and 
can be properly selected according to the application. When the electrode of the 
present invention is positive electrode, at least the positive electrode active 
material is contained in the positive electrode layer. In addition to the positive 
electrode active material, the conductive material, the lithium salt, and the like 
can be contained in the positive electrode layer. In order to improve the ionic 
conductivity of the positive electrode, it is also possible that the polymer 
electrolyte is dispersed in the positive electrode layer. The composition of these 
materials is not particularly limited. 

The battery formed using the electrode of the present invention will be 
described in detail. The electrode of the present invention can be applied to both 
the positive electrode and the negative electrode. The electrode of the present 
invention may be used for at least one of the positive electrode and the negative 
electrode. It is preferable that both the positive electrode and the negative 
electrode are the electrode of the present invention. 

Since the electrode of the present invention has the uniform thickness, the 
battery having the uniform thickness is obtained. As shown in FIGS. 3 A and 3B, 
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a battery 300 of the present invention is preferably a rectangular battery in which 
a power generating element 112 including a positive electrode 102a and a negative 
electrode 102b are stored in a packaging material 110 including a polymer metal 
composite film. Further, the average thickness of the portion in which the power 

5 generating element 112 is stored within 10 mm from the end portion of the portion 
in which the power generating element 112 is stored is not more than 104% of the 
average thickness in the portion exceeding 10 mm from the end portion. 

In this case, "the power generating element" means an element in which 
the positive electrode 102a, the negative electrode 102b, and the collector 104, 

10 and, in some cases, a solid electrolyte membrane 108 are laminated and a charge 
and discharge reaction actually progresses. When the power generating element 
112 is stored in a packaging material 110, tabs 105 are drawn outside the 
packaging material 110. In order to secure sealing characteristics of the inside, 
the packaging material 110 is sealed in the region where the power generating 

15 element 112 is not stored. Therefore, the thickness of the portion where the 
power generating element 112 is stored becomes the substantial thickness of the 
battery 300. When the battery of the present invention has the above mode, it is 
preferable that the thickness of the portion where the power generating element is 
stored satisfies the above requirement. Namely, the average thickness of the 

20 portion in which the power generating element is stored within 10 mm from the 
end portion of the portion in which the power generating element is stored is not 
more than 104% of the average thickness in the portion exceeding 10 mm from 
the end portion. "The end portion of the portion in which the power generating 
element is stored" means a boundary concerning the substantial thickness of the 

25 battery. Namely, in FIG. 3B, "the end portion of the portion in which the power 
generating element is stored" means a portion A where the thickness of the battery 
starts to be steeply thinned. By the use of the battery having the excellent 
flatness, in which thickness near the boundary is not more than 104% compared to 
the thickness of the portion which is not near the boundary, the battery can easily 

30 be laminated. The thickness of the battery can be measured according to the 
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method of measuring the thickness of the electrode. Generally, there are four 
sides in the end portion of the portion in which the power generating element is 
stored. In this case, it is possible that the average thickness is measured in each 
side for the purpose of the measurement of the average. 

The polymer metal composite film is one in which at least a metal foil 
film and a resin film are laminated. The thin laminated battery is formed by 
using the packaging material. In the laminated battery having the flatness of the 
above range, it is difficult to generate the degradation of the battery 
characteristics, which is caused by the vibration applied to the battery. 

In a normal battery, the positive electrode, the electrolyte, and the 
negative electrode are arranged in this order and sealed in the packaging material. 
The electrolyte may be either solid or liquid. The packaging material is not 
particularly limited. Considering the application for a vehicle, the electrolyte is 
preferably solid. Further, it is preferable that the battery of the present invention 
is a lithium secondary battery. 

For reference, FIG. 4 shows the thickness distributions of the lithium 
secondary battery having the positive electrode and the negative electrode of the 
present invention and the lithium secondary battery having the positive electrode 
and the negative electrode which are manufactured by using the conventional 
coater. As shown in FIG. 4, in the conventional battery, the thickness of the 
battery is steeply increased near the uncoated portion used for the connection to 
the tab. On the other hand, in the battery of the present invention, the thickness 
of the battery is maintained even near the uncoated portion used for the 
connection to the tab. 

It is possible that the batteries of the present invention are connected in 
series or in parallel to form the assembled battery or the assembled battery is 
formed by the combination of the series connection and the parallel connection of 
the batteries. As shown in FIGS. 5A to 5C, an assembled battery 400 is arranged 
in a sheathing case 402. Terminals 404 are drawn from the sheathing case 402 to 
be used for the connection to other devices. In order to clearly show the state in 
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which the assembled battery is mounted, FIGS. 5Ato 5C are drawn as perspective 
views. 

As shown in FIGS. 6 A to 6C, it is possible that the assembled batteries 
400 are connected in series or in parallel to form the multiple assembled batteries 

5 500, or the multiple assembled batteries 500 are formed by the combination of the 
series connection and the parallel connection of the assembled batteries 400. 
The assembled battery 400 is fixed by connection plates 504 and connection 
screws 506 to be connected in series or in parallel. Between the assembled 
batteries 400 and in the lowermost portion, elastic members 508 are arranged to 

10 buffer shock applied from the outside. 

The number of the batteries and the way to connect the batteries in the 
assembled battery and the multiple assembled batteries can be determined 
according to the output and the capacity required for the battery. When the 
assembled battery or the multiple assembled batteries are formed, compared with 

15 a single battery, stability is increased as the battery. The effect of the 
degradation of one cell on the whole battery can be decreased by forming the 
assembled battery or the multiple assembled batteries. 

The assembled battery or the multiple assembled batteries can be 
preferably used for a vehicle. FIG. 7 shows a vehicle in which the assembled 

20 battery 400 or the multiple assembled batteries 500 of the present invention are 
mounted. The assembled battery 400 or multiple assembled batteries 500 which 
are mounted on the vehicle have the characteristics described above. Therefore, 
the vehicle in which the battery of the present invention is mounted can have the 
high durability and provide the sufficient output even if the battery is used for a 

25 long period. Further, since the occupied volume of the battery is small, the space 
inside the vehicle is widened. 

The battery of the present invention is particularly beneficial when used 
for a vehicle. When the conventional battery is used for a vehicle, it is necessary 
to laminate many batteries, and the difference of the thickness of the battery is 

30 emphasized, which results in the problem that the battery is difficult to be fixed to 
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a vehicle. The problem is solved by using the flat battery of the present 
invention which also has the durability against the vibration, and the battery 
degradation caused by the resonance is difficult to generate, even if the battery is 
used in environment such as a vehicle in which the vibration is always applied to 
5 the battery. 

Since the battery of the present invention is small, it has a great 
advantage when the battery is applied to a vehicle. For example, it is assumed 
that the electrode and polymer electrolyte are manufactured by the inkjet method 
to form a bipolar battery. In this case, it is also assumed that the thickness of the 

10 collector is 5 |im, the thickness of the positive electrode layer is 5 \im 9 the 
thickness of the solid polymer electrolyte layer is 5 \xm 9 the thickness of the 
negative electrode layer is 5 jxm, and the thickness of one cell is 20 *im. When 
hundred cells are laminated to manufacture the bipolar battery having the output 
of 420 V, the bipolar battery has the output of 25 kW and 70 Wh in the battery 

15 volume of 0.5 liter. Theoretically, the same output as the conventional battery 
can be taken out by the battery of the present invention having the size not more 
than 1/10, compared with the conventional battery. 

The method of manufacturing the electrode of the present invention will 
be described. The electrode of the present invention is manufactured by a 

20 process in which the electrode layer is formed by adopting the inkjet method. 

When the electrode layer is formed by the inkjet method, as described 
above, the electrode layer which is thin and uniform can be manufactured. Since 
the effect of the electrode layer itself formed by the inkjet method has been 
already described, the description is omitted here. 

25 The improvement of workability can be cited as the advantage of the 

method when the electrode layer is formed by the inkjet method. In the 
conventional method in which the electrode layer is formed by using the coater 
such as the roller coater, it is necessary that the individual coaters exist in each 
positive electrode and negative electrode, the manufacturing line becomes a large 

30 scale, and it also takes a long time for manufacturing the electrode. On the other 
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hand, when the method in which the electrode layer is formed by the inkjet 
method of the present invention is adopted, the positive electrode layer and the 
negative electrode layer can be produced by a single inkjet line, and, in some 
cases, the polymer electrolyte membrane can be also produced. The inkjet 

5 method differs from the conventional method in that the electrode layer having the 
precise pattern can be produced. Further, design change can be freely performed 
on the computer. Therefore, the adoption of the method of the present invention 
can produce a plurality of kinds of the electrode layer or the polymer electrolyte 
membrane by one inkjet line. 

10 In order to manufacture the electrode by adopting the method of the 

present invention, the base material in which the electrode layer is formed by the 
inkjet method is prepared at first. The collector or the polymer electrolyte 
membrane can be used as the base material. When the base material is difficult 
to be supplied to the inkjet apparatus by itself, it is possible to use the method in 

15 which the base material is attached to a medium such as paper to supply the base 
material to the inkjet apparatus. 

The positive electrode ink and the negative electrode ink are prepared in 
advance of the printing. The electrolyte ink is also prepared when the polymer 
electrolyte membrane is also produced by the inkjet method. 

20 The positive electrode active material, the conductive material, the 

polymer electrolyte raw material, the lithium salt, the polymerization initiator, and 
the solvent can be cited as a component contained in the positive electrode ink, 
and at least the positive electrode active material is contained in the positive 
electrode ink. It is possible to improve the ionic conductivity of the electrode 

25 layer in such a manner that the positive electrode ink contains the polymer 
electrolyte raw material such as macro-monomer of ethylene oxide and propylene 
oxide and the polymerization initiator such as benzyldimethylketal, the positive 
electrode layer is printed, and then the polymer electrolyte raw material is 
polymerized. The solvent is not particularly limited. However, for example, 

30 acetonitrile can be cited. 
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A compound ratio of the components contained in the positive electrode 
ink is not particularly limited. However, viscosity of the positive electrode ink 
should be low to the degree to which the inkjet method can be applied. The 
method of increasing the composition of the solvent and the method of increasing 
5 temperature of the positive electrode ink can be cited as the method of keeping the 
viscosity to the lower level. However, when the composition of the solvent is 
over increased, since the amount of active material per unit volume is decreased 
in the electrode layer, it is better that the composition of the solvent is suppressed 
to the minimum. It is also possible that the polymer electrolyte raw material and 
10 other compounds are improved so that the viscosity is decreased. 

The negative electrode active material, the conductive material, the 
polymer electrolyte raw material, the lithium salt, the polymerization initiator, and 
the solvent can be cited as the component contained in the negative electrode ink, 
and at least the negative electrode active material is contained in the negative 
15 electrode ink. It is possible to improve the ionic conductivity of the electrode 
layer in such a manner that the negative electrode ink contains the polymer 
electrolyte raw material such as the macro-monomer of ethylene oxide and 
propylene oxide and the polymerization initiator such as benzyldimethylketal, the 
negative electrode layer is printed, and then the polymer electrolyte raw material 
20 is polymerized. The solvent is not particularly limited. However, for example, 
acetonitrile can be cited. 

The compound ratio of the components contained in the negative 
electrode ink is not particularly limited. Since the description of the compound 
ratio is the same as described in the positive electrode ink, the description is 
25 omitted here. 

The polymer electrolyte raw material, the lithium salt, the polymerization 
initiator, and the solvent can be cited as a component contained in the electrolyte 
ink, and at least the polymer electrolyte raw material is contained in the 
electrolyte ink. The polymer electrolyte raw material is not particularly limited, 
30 as long as the compound can form the polymer electrolyte layer by the 
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polymerization after the inkjet. For example, the macro-monomer of ethylene 
oxide and propylene oxide can be cited as the polymer electrolyte raw material. 
The solvent is not particularly limited. However, for example, acetonitrile can 
be cited. 

5 The compound ratio of the components contained in the electrolyte ink is 

not particularly limited. Since the description of the compound ratio is the same 
as described in the positive electrode ink, the description is omitted here. Since 
the electrolyte ink contains a relatively large amount of polymer electrolyte raw 
material, it should be noted that the polymer electrolyte raw material is easy to 
10 increase the viscosity of the ink. When the electrolyte contained in the produced 
battery is liquid, the electrolyte ink is certainly not required. 

The viscosity of each kind of ink supplied to the inkjet apparatus is not 
particularly limited, but it is preferable that the viscosity of each kind of ink 
ranges from about 0.1 to 50 cP. 
15 The ink is ejected to the base material by the inkjet method to form the 

electrode layer. When the electrode layer is formed, the pattern of the electrode 
layer is previously determined. When the electrode layer is formed based on an 
image made on the computer, the workability becomes excellent. The pattern 
determination with the computer is similar to the well-known operation of the 
20 image formation with a computer and a printer. Accordingly, it is said that the 
industrial production of the present invention is relatively easy to realize in that 
the developed knowledge of the field of the image formation can be adopted. 

The collector is supplied to the inkjet apparatus, the electrode ink which 
is of the liquid containing the active material is ejected in the form of many 
25 particles, and the particles are adhered to the collector according to the pattern 
previously designed. In an ink ejection mechanism, any one of the piezoelectric 
method, the thermal inkjet method, and the bubble jet method can be adopted for 
the inkjet apparatus. It is preferable to use the piezoelectric method in which the 
ink particle is ejected by the change in volume of the piezoelectric element. 
30 The volume of the particle ejected from the inkjet apparatus preferably 
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ranges from 1 to 100 picoliters. When the volume of the ejected particle is too 
small, there is a possibility that the vibration is not sufficiently decreased. Same 
is said when the volume of the ejected particle is too large. The volumes of the 
particles ejected by the inkjet apparatus are substantially equal to one another, so 
that the manufactured electrodes and batteries have a high uniformity. 

When it is insufficient for the film thickness of the electrode layer to 
adhere the particles only once by the inkjet apparatus, the particles can be adhered 
to the same position twice or more to increase the thickness of the electrode layer. 
"The same position" means the position equal to the position where the electrode 
layer is formed by the first-time printing of the inkjet apparatus. Namely, "the 
same position" means the overcoat with the same material. The thickness of the 
electrode can be increased in such a manner that the electrode layer having the 
uniform thickness is laminated by adopting the above technique. When the 
electrode layer is formed by the inkjet method, the uniformity of the formed 
electrode layer is very high. Thus, even when the electrode layer is laminated 
many times, the high uniformity is maintained. 

After the electrode layer is formed, the solvent is removed by drying. 
When the polymer electrolyte raw material is compounded, in order to form the 
polymer electrolyte by the polymerization, the polymerization processing may be 
performed. For example, when the. photopolymerization initiator is added, the 
electrode layer is irradiated with ultraviolet ray to start the polymerization, thus 
completing the electrode. 

The process to which the method of manufacturing the electrode of the 
present invention is applied depends on the battery finally manufactured. For 
example, when the lithium ion battery in which the liquid electrolyte is disposed 
in the positive electrode and the negative electrode to seal them in the packaging 
material is produced, the positive electrode and the negative electrode are 
individually manufactured according to the present invention, and the battery may 
be assembled by using them. When the bipolar battery using an all solid 
polymer electrolyte is produced, ,the collector is used as the base material, the 
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positive electrode layer, the polymer electrolyte membrane, and the negative 
electrode layer are produced in order by the inkjet method, and the collector is 
laminated. The bipolar battery having many laminated layers is completed by 
repeating the operation if necessary. In this case, the present invention is applied 

5 to the processes of making the positive electrode layer, the polymer electrolyte 
membrane, and the negative electrode layer. 

The present invention will be described in detail below by Examples. In 
the following Examples, unless otherwise noted, the macro-monomer of ethylene 
oxide and propylene oxide was used as the polymer electrolyte raw material, 

10 LiN(S0 2 C 2 F 5 )2 (BETI) was used as the lithium salt, spinel LiMn 2 04 (average 
particle diameter: 0.6 jxm) was used as the positive electrode active material, the 
ground graphite (average particle diameter: 0.7 p,m) was used as the negative 
electrode active material, and benzyldimethylketal was used as the 
photopolymerization initiator. 

15 The preparations of the negative electrode ink, the positive electrode ink, 

and the electrolyte ink, the printing, and the assembly of the batteries were 
performed in a dry atmosphere not more than 30 °C below a dew point. The 
polymer electrolyte raw material was synthesized by the following method. 

At first, under the presence of glycerin, polyether triol including random 

20 copolymer of ethylene, oxide (EO) and propylene oxide (PO) was prepared by an 
anionic ring-open polymerization method while potassium hydroxide was used as 
a catalyst. Some amount of end OH group of polyether triol was changed to 
sodium alkoxide by reacting sodium methoxide in methanol and methylated by 
using methyl chloride. The remaining end OH group was esterified and 

25 substituted to an acryloyl group to make partially methylated polyether acrylate 
(PMPEA). The macro-monomer synthesized in the above manner was used as 
the polymer electrolyte raw material. 

(Example 1) 

30 The positive electrode active material (7 percent by mass), acetylene 
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black as the conductive material (2 percent by mass), the polymer electrolyte raw 
material (4 percent by mass), the lithium salt (2 percent by mass), and the 
photopolymerization initiator (0.1 percent by mass to the polymer electrolyte raw 
material) were prepared, and acetonitrile (85 percent by mass) was added as the 
5 solvent. Then, sufficient agitation was performed to prepare slurry as the 
positive electrode ink. The viscosity of the ink was about 3 cP. 

The prepared ink and the commercially available inkjet printer were used 
to make the positive electrode by the following procedure. When the above ink 
was used, there was the problem that acetonitrile as the solvent dissolves plastic 
10 parts located in the ink introducing portion of the inkjet printer. Therefore, the 
plastic parts located in the ink introducing portion were replaced with the metal 
parts, and the ink was directly supplied to the metal part from an ink chamber. 
The viscosity of the ink was low and there was a risk that the active material was 
precipitated, so that the ink chamber was always agitated by a rotary vane. 
15 The inkjet printer was controlled by a commercially available computer 

and software. The prepared positive electrode ink was used in producing the 
positive electrode layer. The positive electrode layer was produced in such a 
manner that the pattern formed by the computer was printed by the inkjet printer. 
Since it was difficult to directly supply the metal foil to the printer, the metal foil 
20 was attached to a bond paper, and the metal foil with the bond paper was supplied 
to the printer to print. 

The positive electrode ink was introduced to the inkjet printer, in which 
the above modification had been performed, to print the pattern formed on the 
computer on aluminum foil as the collector having the thickness of 20 jam. The 
25 volume of the particle of the positive electrode ink, which was ejected from the 
inkjet printer, was about 2 picoliters. The positive electrode layer was formed by 
printing the positive electrode ink on the same surface five times. 

After the printing, two-hour drying was performed at 60 °C in a vacuum 
oven in order to dry the solvent. After the drying, in order to polymerize the 
30 polymer electrolyte raw material, the polymer electrolyte raw material was 
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irradiated with an ultraviolet ray for 20 minutes in vacuum, thus laminating the 
positive electrode layer on the collector. 

The same operation was also performed to the surface in which the 
positive electrode layer of the collector was not formed. As a result, the positive 
electrode in which the positive electrode layers were formed on the both surfaces 
of the collector was obtained. Then, the positive electrode was cut so that the 
predetermined battery size was obtained. 

The thickness of the positive electrode was studied. The average 
thickness of the collector and the electrode layer was about 126 jxm. The 
average thickness of the collector and the electrode layer is a total sum of the 
aluminum foil (20 \xm) and the electrode layer (53 \xm) formed on the both 
surfaces of the aluminum foil. The portion where the collector and the electrode 
layer were thinnest was near the cut portion of the electrode. On the other hand, 
the portion where the collector and the electrode layer were thickest was near the 
uncoated portion. The maximum thickness was 100.1% of the minimum 
thickness. Namely, a very flat electrode was obtained. The ratio of the average 
thickness of the collector and the electrode layer within 10 mm from the uncoated 
portion to the average thickness of the collector and the electrode layer in other 
regions was 100,0%. The ratio (a/A) of the standard deviation (a) of the 
thickness of the electrode layer to the average thickness (A) of the electrode layer 
was 0.71%. 

Vibration absorbing ability of the battery using the positive electrode was 
estimated by the following method. An acceleration pickup was set in the 
substantially central portion of the obtained battery, and a vibration spectrum of 
the acceleration pickup was measured when hammering was performed by an 
impulse hammer. The setting method was pursuant to JIS B0908 (ISO 5347). 
The measured spectrum was analyzed by an FFT analyzer to convert data into 
dimensions of a frequency and acceleration. Averaging and smoothing were 
performed to the obtained frequency to obtain a vibration transmission rate 
spectrum. FIG. 8 is the vibration transmission rate spectrum. An average 
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attenuation rate was determined based on an area ratio of a first peak in the 
acceleration spectrum. The larger numerical value means that the vibration is 
further reduced. 45% of the attenuation rate reduction was obtained based on the 
battery using the positive electrode of later-mentioned Comparative example L 
The results are shown in Table 1. 

In Examples, the measurement of the thickness was performed according 
to the above method. The repetition number N for calculating the average was 
set to 50 times. 

(Example 2) 

The negative electrode active material (9 percent by mass), the polymer 
electrolyte raw material (4 percent by mass), the lithium salt (2 percent by mass), 
and the photopolymerization initiator (0.1 percent by mass to the polymer 
electrolyte raw material) were prepared, and acetonitrile (85 percent by mass) was 
added as the solvent. Then, the sufficient agitation was performed to prepare the 
slurry as the negative electrode ink. The viscosity of the ink was about 3 cP. 

Similarly to Example 1 , the negative electrode ink was introduced to the 
inkjet printer to print the pattern formed on the computer on copper foil as the 
collector having the thickness of 15 jim. The volume of the particle of the 
negative electrode ink, which was ejected from the inkjet printer, was about 2 
picoliters. The negative electrode layer was formed by printing the negative 
electrode ink on the same surface five times. 

After the printing, the two-hour drying was performed at 60 °C in the 
vacuum oven in order to dry the solvent. After the drying, in order to 
polymerize the polymer electrolyte raw material, the polymer electrolyte raw 
material was irradiated with the ultraviolet ray for 20 minutes in vacuum, thus 
laminating the negative electrode layer on the collector. 

The same operation was also performed to the surface in which the 
negative electrode layer of the collector was not formed. As a result, the 
negative electrode in which the negative electrode layers were formed on the both 
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surfaces of the collector was obtained. Then, the negative electrode was cut so 
that the predetermined battery size was obtained. 

The thickness of the negative electrode was studied. The average 
thickness of the collector and the electrode layer was about 122 Jim. The 
5 average thickness of the collector and the electrode layer is a total sum of the 
copper foil (15 jam) and the electrode layer (53.5 pm) formed on the both surfaces 
of the copper foil. The portion where the collector and the electrode layer were 
thinnest was near the cut portion of the electrode. On the other hand, the portion 
where the collector and the electrode layer were thickest was near the uncoated 

10 portion. The maximum thickness was 100.1% of the minimum thickness. 
Namely, a very flat electrode was obtained. The ratio of the average thickness of 
the collector and the electrode layer within 10 mm from the uncoated portion to 
the average thickness of the collector and the electrode layer in other regions was 
100.0%. The ratio (a/A) of the standard deviation (a) of the thickness of the 

15 electrode layer to the average thickness (A) of the electrode layer was 0.57%. 

The vibration absorbing ability of the battery using the negative electrode 
was estimated in a manner similar to Example 1 . 40% of the attenuation rate 
reduction effect was obtained based on the battery using the negative electrode of 
later-mentioned Comparative example 2. The results are shown in Table 1. 

20 

(Comparative Example 1) 

The positive electrode active material (7 percent by mass), acetylene 
black as the conductive material (2 percent by mass), the polymer electrolyte raw 
material (4 percent by mass), the lithium salt (2 percent by mass), and the 
25 photopolymerization initiator (0.1 percent by mass to the polymer electrolyte raw 
material) were prepared, and acetonitrile (85 percent by mass) was added as the 
solvent. Then, the sufficient agitation was performed to prepare the slurry for 
positive electrode layer. 

The slurry for positive electrode layer was applied onto the aluminum foil 
30 as the collector having the thickness of 20 [im by the roller coater. After the 
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coating, the two-hour drying was performed at 60 °C in the vacuum oven in order 
to dry the solvent. After the drying, in order to polymerize the polymer 
electrolyte raw material, the polymer electrolyte raw material was irradiated with 
the ultraviolet ray for 20 minutes in vacuum, thus laminating the positive 
5 electrode layer on the collector. 

The same operation was also performed to the surface in which the 
positive electrode layer of the collector was not formed. As a result, the positive 
electrode in which the positive electrode layers were formed on the both surfaces 
of the collector was obtained. Then, the positive electrode was cut so that the 

10 predetermined battery size was obtained. 

The thickness of the positive electrode was studied. The average 
thickness of the collector and the electrode layer was about 129 |am. The portion 
where the collector and the electrode layer were thinnest was near the cut portion 
of the electrode. On the other hand, the portion where the collector and the 

15 electrode layer were thickest was near the uncoated portion. The maximum 
thickness was 106.3% of the minimum thickness. Namely, an electrode whose 
thickness was greater near the uncoated portion was obtained. The ratio of the 
average thickness of the collector and the electrode layer within 10 mm from the 
uncoated portion to the average thickness of the collector and the electrode layer 

20 in other regions was 104.1%. The ratio (a/ A) of the standard deviation (a) of 
the thickness of the electrode layer to the average thickness (A) of the electrode 
layer was 3.1%. 

(Comparative Example 2) 

25 The negative electrode active material (9 percent by mass), the polymer 

electrolyte raw material (4 percent by mass), the lithium salt (2 percent by mass), 
and the photopolymerization initiator (0.1 percent by mass to the polymer 
electrolyte raw material) were prepared, and acetonitrile (85 percent by mass) was 
added as the solvent. Then, the sufficient agitation was performed to prepare the 

30 slurry for negative electrode layer. 
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The slurry for negative electrode layer was applied onto the copper foil as 
the collector having the thickness of 15 jxm by the roller coater. After the 
coating, the two-hour drying was performed at 60 °C in the vacuum oven in order 
to dry the solvent. After the drying, in order to polymerize the polymer 
electrolyte raw material, the polymer electrolyte raw material was irradiated with 
the ultraviolet ray for 20 minutes in vacuum, thus laminating the negative 
electrode layer on the collector. 

The same operation was also performed to the surface in which the 
negative electrode layer of the collector was not formed. As a result, the 
negative electrode in which the negative electrode layers were formed on the both 
surfaces of the collector was obtained. Then, the negative electrode was cut so 
that the predetermined battery size was obtained. 

The thickness of the positive electrode was studied. The average 
thickness of the collector and the electrode layer was about 124 (xm, The portion 
where the collector and the electrode layer were thinnest was near the cut portion 
of the electrode. On the other hand, the portion where the collector and the 
electrode layer were thickest was near the uncoated portion. The maximum 
thickness was 107.0% of the minimum thickness. Namely, an electrode whose 
thickness was greater near the uncoated portion was obtained. The ratio of the 
average thickness of the collector and the electrode layer within 10 mm from the 
uncoated portion to the average thickness of the collector and the electrode layer 
in other regions was 104.4%. The ratio (a/A) of the standard deviation (a) of 
the thickness of the electrode layer to the average thickness (A) of the electrode 
layer was 3.2%. 
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Table 1 



Average thickness of 
collector and electrode 
layer (jam) 



Maximum thickness of 
collector and electrode layer 

Minimum thickness of 
collector and electrode layer 



Attenuation rate 
reduction (%) 



Ex. 1 

Ex.2 
Com. Ex. 1 
Com. Ex. 2 



126.2 
122.0 
128.8 
124.4 



100.1 
100.1 
106.3 
107.0 



45 

40 
Basis 
Basis 



As shown in Table 1, the electrode of the present invention has a very 
high flatness and an excellent attenuation rate reduction and contributes to 
5 extension of the battery life. Further, since the thin and uniform electrode can be 
formed, the compact power supply having the high output is realized. 

The entire content of a Japanese Patent Application No. P2003-174135 
with a filing date of June 18, 2003 is herein incorporated by reference. 

Although the present invention has been described above by reference to 
10 certain embodiments of the present invention, the present invention is not limited 
to the embodiments described above will occur to these skilled in the art, in light 
of the teachings. The scope of the present invention is defined with reference to 
the following claims. 



1 5 INDUSTRIAL APPLICABILITY 

The electrode of the present invention is very thin and the uniformity of 
the film thickness is high. Therefore, the heat dissipation characteristics of the 
battery are uniform, and the local degradation is hardly generated in the battery. 
The crack and the rupture are also hardly generated in the battery. When the 

20 electrode layer is formed by the inkjet method, the density or the thickness can be 
precisely controlled, and the very thin electrode having the high uniformity can be 
manufactured which could not have been achieved by the conventional coater. 



